on materials subjected to nonhydrostatic stress states (NSS) led to the development of mathematical formulations of NSS and its effect on the lattice strains.
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Equations for the lattice strains under NSS for cubic, 1 4,1 ' hexagonal, 16 and trigonal 1 7 systems were developed that are valid for a general diffraction geometry. Equations for all crystal systems have been derived recently. i8 The full utilization of the equations in the i nterpretation of the lattice strain data and extraction of the sample properties became possible through the introduction of two new diffraction geometries; 19`21 these permit the measurement of d spacings as a function of the angle, c, between the diffraction vector and the load direction. In this article we present the lattice-strain equations for all the crystal systems in a form convenient for the interpretation of diffraction data. We then show that the strain produced by t he hydrostatic stress component can be separated out from the lattice strains measured under NSS. A new method of estimating the uniaxial stress component is suggested, and the possibility of estimating the single crystal elastic constants from the powder diffraction data obtained under nonhydrostatic compression is demonstrated.
EQUATIONS FOR LATTICE STRAINS
The stress state at the center of the compressed specimen 111 an opposed-anvil setup is given by, W., Washin,gto+t D.C. 2001.5.130.5 ( Received I 1 November 1997; accepted for publication 27 February 1998)
The equations for the l attice strains produced by nonhydrostatic compression are presented for all seven crystal systems in a form convenient for analyzing x-ray diffraction data obtained by newly Journal of Applied Physics, vo.63, No. 12 division are shown 52 to define the upper and lower bounds of the moduli, respectively. The experimentally determined moduli of a polycrystal agree with the mean (arithmetic, geometric, or harmonic) s1 of the two limiting values. Equation (4) represents a weighted harmonic mean of the x-ray shear modul us under Reuss condition and Voigt shear modulus. The variational methods (e.g., Refs. 54 and 55) narrow down the upper and lower bounds considerably. However, refining the present approach by introducing the variational methods is difficult as x-ray diffraction takes place only from the crystallites with correct orientation with respect to the directions of the primary beam and diffracted beam entering the detector.
The specimen compressed in an opposed-anvil setup undergoes considerable plastic flow before the equilibrium stress condition is established. The magnitude of the deviatoric stress component depends on the plastic flow of the specimen. A large deviatoric stress component can cause yielding of the crystallites, and the stress state in such a case is closer to the Reuss condition. A small magnitude of this component will produce elastic strain resulting in a stress state closer to Voigt condition. For these reasons, u priori choice of a in an actual experiment is difficult. The analysis 1 9 of high pressure x-ray diffraction data on NaCl suggests that a= I in the low pressure region, and tends to approach a=Q.5 as the pressure is increased. However, this trend is characteristic of the deformation behavior of the specimen in the high-pressure setup (a modified Drickamer cell) used in the experimen, 19 and cannot be generalized. It should be noted that the determination of dp(hkl) from the d,,,(h kl) vs (l -3 cost 0) plots does not depend on the choice of a. Among the other parameters. i is least and x i s most sensitive to the choice of a. The changes brought about in the estimated C, 1 on changing a from I to 0.5 stay within the errors of measurement: the changes are such that it produces a large effect on x. In this respect these changes are systematic.
are shown 52 to define the upper and lower bounds of the moduli, respectively. The experimentally determined moduli of a polycrystal agree with the mean (arithmetic, geometric, or harmonic) 53 of the two limiting values. Equation (4) represents a weighted harmonic mean of the x-ray shear modules under Reuss condition and Voigt shear modulus. The variational methods (e.g.. Refs. 54 and 55) narrow down the upper and lower bounds considerably. However, refining the present approach by introducing the variational methods is difficult as x-ray diffraction takes place only from the crystallites with correct orientation with respect to the directions of the primary beam and diffracted beam entering the detector. The specimen compressed in an opposed-anvil setup undergoes considerable plastic flow before the equilibrium stress condition is established. The magnitude of the deviatoric stress component depends on the plastic flow of the specimen. A large deviatoric stress component can cause yielding of the crystallites, and the stress state in such a case is closer to the Reuss condition. A small magnitude of this component will produce elastic strain resulting in a stress state closer to Voigt condition. For these reasons, a priori choice of a in an actual experiment is difficult. The analysis 1 9 of high pressure x-ray diffraction data on NaCI suggests that a=1 in the low pressure region, and tends to approach a=0.5 as the pressure is increased. However, this trend is characteristic of the deformation behavior of the specimen in the high-pressure setup (a modified Drickamer cell) used in the experimen, 1 9 and cannot be generalized. It should be noted that the determination of d n (h kl) from the d,,,(hk1) vs (1 -3 cos t z]r) plots does not depend on the choice of a. Among the other parameters, t is least and x is most sensitive to the choice of a. The changes brought about i n the estimated C, 1 on changing a from I to 0.5 stay within the errors of measurement; the changes are such that it produces a large effect on x. In this respect these changes are systematic.
In the high-pressure environment, the yielding of the crystallites under the action of a deviatoric stress component is complex. The equations in this article are derived assumi ng a single t value for the crystallites of different orientations with respect to the load axis. The yielding of a single crystal at atmospheric pressure is strongly orientationdependent. and it may appear logical to consider an hkl-dependent t. A simple analysis of the scatter in the data suggests that the equations with a constant t are consistent with the experimental observations. The errors in Q(hkl) are derived from the scatter i n the d,,,(hk1) versus 
